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Stam.nt of Focus

Individually Gutded Education (IGE) is a hnew comprehensive system of
elementary education. The following compunents of the IGE system are in
varying stages of development and imple:entation: a new organization for
instruction and related administrative arrangements; a model of instructional
programing for the individual student; and curriculum components in prereading,
reading, mathematics, motivatior, and environmental education. The devalop~
ment of other curriculum compcaents, of a system for managing instruction by
computer, and of instructionzl strategies {s needed to complete *he system.
“ontinuing programmatic research is required to provide a sound knowledge
"ase for the components under development and for improved sec ’nd generation

-mponents. Finally, systematic implementation i3 essential so that the prod-
2 v {li function properly in the IGE schools.

Tie Center plans and carries out the research, development, and imple-
m-* -tion components of its IGE program in this sequence: (1) identify the
ne . and delimit the component problem area; (2) assess the possible con=
stt . s~financial resouvrces and availability of staff; (3) formulate general
pla.. >nd specific procedures for solving the problems; (4) secure and allo-
cat- 1aman and material resources to carry out the plans; (5) provide for
effe :t1 ‘e communication among personnel and efficient management of activi-
ties anc resources; and (6) evaluate the effectiveness of each activity and
its contr bution to the total program and correct any difficulties through feed-
back mecranisms and appropriate management techniques.

A seli -renewing system of elementary education is projected in each
participatir. 1 elementary school, i.e., one which is less dependent on external
sources for .!irection and is more responsive to the needs of the children attend-
ing each part. zular school. In the IGE schools, Center-developed and other
curriculum pro !ucts compatible with the Center's instructional programing model
will lead to hig er student achievement and self-direction in learning and in
conduct and alsc to higher morale and job satisfaction among educational per-
sonnel, Each developmental product makes its unique contribution to IGE as
t {8 implemented 1n the schools. The various research components add to the
. nowledge of Center practitioners, developers, and theorists.
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A

Abatract

In tas paper. evidence from studies of memory for meaningful materials
sucn a8 sentences and prose passages i8 reviewed with emphasis on its impli-
citions for the nature of the memory representation. It is argued that models
of memory which involve the retrieval of stored coples of otiyinally presented
matertal cannot account for two crucial phenomena: (1) the retention of meaning
in spite of losses in memory for specific wording, and (2) the “recall” of informa-
tion which could unly nave been obtained by inference. Views of memory
which tnclude varying degrees of constructive, interpretative, and recon-
structive processes are considered as alternatives to the copy model. These
alternatives include theories based on psycholinguistic constructs and vis-
uwal imagery, as well as positions involving the abstraction and reconstruction
of informatton bv means of more jencral inteygrative representations.
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Memory: Construction or Copy?

Line the thaces Of experience lef!
Arstotlo’s vax tablot  the view of men. .y as
A Lrocess Of prosucing and retneving copies
of vxperence nas faded only slightly with
A, Jaines Mill cwrote i 1¥29, "Our 1deas
SprING up, 2r ¢x18t, 1n the order in which the
sensations eister, of which they are copies
ewsser, 907, p. 271)." Lbbinghaus and later
wiisiox expenmental psychologists took
o irenllally tno same position, Tne temporal
it 3patial orjanization of the input was con-
Staen . o e marrored by unmodifiable memory
trace. o were subject only to stren:gthening
witn rocet toon, to devay wiath time, or to
Competities, Lo otner traces, In recall, a
surtasle st 1s reacilvatea the store d
trace. Lxperion e was passively and literally
roecoriet ans plavos bhaok; interpretaticn did
3% enter it et paasce. Trasies renaained
NSOl an o unenan e, bl componants of the
HAR A SO T
[t 1s Hften tire case tnat the exper.mental

Sl G WIS SOt bany . tneoarctical views
el ane not wgeally sutted v ratsing evidence
st s peneral anderlying assumptions.
Voaen lists of unrelate s stunuly such as non-
sense syllavles were ased, the opportunity
for tne study of alien processes like inter-
Proetatlon or han g in recall was limite d,
Bath tae input provide i and the output requested
were 1n tne form of discrete preces, just as
tne internal representation was presumed to
be. Bartlett (1932) argued against this appruach
and claimed tnat the subject's responses 10
uonsense sumull, rather than being vasic,
were ore pasyneratic and 244 than respanses
to comnoan lanjuade. “lt s uupnssiole to
rn i stunuly of meaning $0 lony as they remain
capaude of arousiny any auman responsc. . . .
This creates an atmoasphere of aruficrality for
il momory experiments, makia; tnem rathor 4

Ty b Ot aEnn at s b e e of
roepetition aatats,  Ia -k the w2planatinag
of the vanety of recall respanses .depesd

La oy

mainly upon variations of stimull and of their
order, frequency, and mode of presentation,
is to 1gnore dangerousiy those equally impor-
tant conditions which belong to the subjective
attitude and to predetermined reaction ten-
dencies [Bartlett, 1932, p. 4}."

In order to study naturally occurring
memory phnnamsaa  Bartlett asked his sub-
jects to recall prose passages rather than lists
of nonsense syllables. With connected mean-
ingful material the phenomenon of change in
recall emerged. Ratiier than reduplicating a
story verbatim or with assorted words omitted,
subjects edited, modified, paraphrased, and
reorjanized the material in recall. For example,
stories about people or unfamiliar cultures
were often distorted in recall so that events
in the story became more consistent with con-
ventional, probable events in tlie culture of
the subject. Bartlett concludea that a theory
involving "fixed and lifeiess traces” was
inappropriate, since recall was not veridical
or fully determired by presented stimuli, but
it involved change due to interpretation (not
necessarily intentional) by the subject.,

To handle these memory phenomena,
Bartlett propcsed that memory involved not the
Jdeposition of discrete traces but the formation
of "active oryanized settings" or “schemata”
into whicn incoming :aformation was incorpora-
teii. The schemata Jid not provide stable
pljecnholes into which information was filed
picce by piece, but a changing intejrated con-
text into which new conceptually related ex-
purience was assimilated. Remembering was
not accumplished by retrieving a stored item,
or even & stored synthesis, but by inferring
from the carrent state of schema what ingredi-
onts ha i yone into it. Accurding to Bartlett,
"Rememuering . . . i8 an imaginative recon-
struction, or censtruction, built out of the re-
atron of our ataiva e owards a whole active
mass of orjanized jast reactions or experience
(1932, p. 213]." Paal (1967) asserts that the

1



crucial potit of tnis position 1s that reem-
bening tnvolves nore than the re=excitation

of the recori, whatever form the recorda mdy
take:, Tne process 1s potn constructive and
re< g .structive, As matenial 18 presented. it
15 percelved and interprete i 1 relation to past
eXpefience and assimilated 1nto a4 schema.
Inferential reconstruction occurs at recall,

It 1s a radical position: what 15 presented (or
even perceived) is not what 18 stored, and what
i1s stored only provides clu~s about what is

to be recalled. -

Nelsser {1967) takes a sii-1lar construc-
tivist position. He arjues that naive realism,
the notion that the products of pe-ception are
copies of external stimuli, has becn shown tc
be 1nadcequate for explaining the perteptizn of
speech and visual materials, For ex.mple,
visual perception involves the ca.utinucus
inte Jration of many retinal "¢aapshots® 1o
construct a4 visual imaje., In speech percep-
tion there 1s no one-to-one correspondence
between the physical stimulus and the phoneme
which 1t tndicates to the listener; different
sounds are responded to as equivalents, and
similar sounds are reacted to differently
depending on the context 1n whicn they are
interpreted. Neisser proposes that information
stored in memory has the same type of relation-
ship to recall as external stimuli have to per-
ception: name.y. the first allows construction
of the second. "Out of a few stored bone chips,
we rememrber a dinosaur [Netisser, 1967,

p. 285]." The "bone chips” themselves arc
the remains of previous constructive activity,
These remains evidently 1nclude some frag-
ments of content information, as well as
information about how construction takes place.
Cnpies of completed constructions such as
imajes or sentences are not stored whole, but
are likewlse reconstructed.

Memory phenomera are Ztverse. On the
one nani, tnere i1s veridi- al recall of uncon-
nected pieces of information wnere recorn-
struction by inference seems unlikely and
where what 1s recalled seems 1dentical 1n form
to what was presented. On the other hand,
in memory for connected discourse what is
recalles~--the “3ist," meaning, or paraphrased
version of the passage--1s markedly different
tn form (and possibly 1n content) from the
ori inal 1input. A stnict form of copy theory
cannat nandle such cnangjes in recall, while
a reconstructive theury, where no specific
traces are postulatel, is hari pressed to
account tor accurate memory for particular
facts.

Cormpromise views have been proposed
to nan ile reteation of both spectfics ani ap-
stracted information. Paul's (1967 formulation
invoives notn traces and scnemata. In recall,

trace s are organied, and the resultiny cun-
struction 18 checked against the scnema, (re
conceptually orjanized setting which r~r'vcts
previous experience and knowledye -.i .ne
world. Tulving (1972} suggests o 4 stinction
between memory for personally o' pernienced
episodes (e.d.. a {lash of . 224, a word pre-
Sented at a particular time, « meetin ] with a
friend) and memory for conceptual semantic
information (e. 4., propositions like “"Gasoline
is made from crude oil").

Erts0odic memory involves retention of
specific spatio~temporal information about a
s1gnal cr event itself, while semantic memory
contains information about the referent of a
si1jnal regardlet s of its time of occurrence or
foam. Both perception and thought contribute
0o semantic memory, which involves inference
and reconstruction, while episodic recall ig
not dependent on reconstruction from: related
information. Products of semantic memory can
be rehearsed in episodic memory (e.3., a
specific sentence expressing reconstructed
information could be repeated as an event
taking place at a particular time). Ausubel
(1963) incluiles both traces and raconstructive
inferential processes in his view of memory
ior prose. When the learner comprehends
puorly and cannot relate new material to pre-
vious knowledge, the input is stored in a rote
fashicn, where 1ts traces remain distinct and
separai~ from those of other information. When
the new material can be related to prior knowl-
edge, It {1 subsumed under known concepts
and can be retneved by reconstructive inference,
In this view, given that the material 1s poten~
tially meaningful, it 18 the subject's cognitive
structure, not the nature of the material, which
Jetermines whether storage takes the form of
isolated traces or integrated informatioi.

Memory for Meaning Versus
Retention of Wording

It {8 not obvious which one of these spec~
ulative views is most adequate; but 1t 15 clear
that some alternative to the copy approach 1s
needed to explain memory for cornected mean-
ingful material, where information is somehow
retained in spite of loszes in memory for
wording. Except for actors and experime ntal
subjects, it {s usually the first, rather than
the second, which 18 required. Welborn and
Enjlish (1937), 1n a review of 43 experiments,
provide evidence for the common sense obser~
vation that memory for substance and verbatim
memoty behave differently. In two representa-
tive studies cited in tnis review, Lnglisn,
Welborn, and Killian (1934) compared substance
and verbatim memory for long (15LU-word) prose



rassadges by means of true and false recogni-
tion tests given immediately and at intervals
from four to fourteen weeks after acquisition.
Memory for verbatim items showed loss over
time, but inemory for paraphrase summary
items Jid not decline: 1n fact, wprovement
was noted in some cases. A replication
study likewise vielded a significant difference
between verbatim and summary items con-
cerning the proportion of subjects who showed
improvement over time. One could argue that
this Jdifference is due to the fact that repeated
testiny benefited inemory for gist more than
verbatim retention, but the authors report
other data that suggest that repetition affects
verbatim memory more than memory for gist.
An expertment by Howe (1970) provides some
support for this proposition, in that repeated
presentation and testing had little effect in
eliminatinj original errors in both verbatim
and substance memory for a short {160-word)
passaje which was easily comprehended. The
use of independent groups tested at different
intervals would, of course, be desitrable in
such a study in order to gseparate re-testing
and forgetting effects.

Memory for gist 18 also more resistant
to interference from interpolated material than
i8 verbatim memory. Sachs (1967) instructed
subjects to listen for changes in the meaning
(subject~object reversals: negation) and form
{active-passive changes and alterations of
phrase order that did not affect meaning) of
sentences in prose passages. When a recog-
nition sentence was presented immediately
after a test sentence, subjects were able to
detect changes in both meaning and form,
but when other sentences i1n the passagje
separated the presentation and testing of the
target sentence, recogaition for syntactic
changes dropped markedly while sensitivity
to changes 1n meaning remained high. Mem-~
ory for the meaning of a sentence i§ thus not
deperdvnt on memory [or its form--a phenom-
enon that 18 inconsisteat with any theory
which pruposes that copies of input provide
the basis of memory.

Under *he usual conditions of sentence
comprehension, where the listener i8 not
instructed to attend to formai aspects of a
sentence, memory for form can be even poorer
than in the Sachs (1967) study. Wanner (in
Fillenvaum, 1971) found that after interpolatea
material, incidontal memory for the meaning of
a8 sentence embedded in tne instructions ap-
proached 100X, while recognition of stylistic
changes iid not exceed chance. Begg (1971),
folinwin'y sachs' ('967) proce dure, used A
continuous recoynition paraJigm witnh lony
lists of unrelated sentences (presented either
visually or auditoraily). The lists included

repetitions of sentences originally presented
in the list, as well as sentences changed in
meaning or form from the eriginal. The prop-
osition that memory for meaning can be inde-
pendent of memory for wording was supported.

Welborn and English, in their 1937 review,
state, "It now seems evident that any theory
of learning is ualikely to prove acceptable
unless {t ia based on investigations with
meaningful material [p. 1]." It is with con-
nected meaningful material that problems
arise for copy theories of memory. These
authors cite evidence which suggest that
repetition and serial position--potent factors
in rote memory~=-are not nearly as effective
concerning memory for gist. That memory for
portions of prose is largely independent of
order of occurrence indicates that laws based
on rote learning of isolated units cannot be
readily generalized {0 meaningful material,
For example, Olson (1971) cites a study by
Anigfeld concerning memory for adjective-
noun phrases. In a continuous recognition
task. subjects were presented phrases which
were identical to an original {e.g., back door)
phrases with different adjectives which pre~
served the meaning of the original (e.g.. rear
door), phrases which reversed the meaning
(e.g., front door), and neutral control phrases
(e.g., screen door), and judged whether they
were old or new. In similar tasks using single
words as stimuli, false recognition responses
to both synonyms and antonyms were signifi-
cantly more frequent than to neutral words.
When adiective-noun phrases were used,
however, false recognition responses were
made to antonymous phrases no more often
than to neutral phrases, ana responses to
synonymous phrases were significantly more
fraquent than responses tu neatral phrases.
Subjects confronted with two-word adjective
phrases were likely to make errors which pre-
served the meaning of presentec materjal,
while those who dealt with s8ingl? words also
made errors which reversed the meaning of the
words. The change in unit of anaiysis from
one word to two words resulted in the strik~
ingly different phenomena of rote and gist
menory,

The Abstraction of a Theme from Prose

The preservation of meaning in recal.
appears to involve the prucess of abstraction
of a central theme and sel..ctive omission of
the information least relevant to that theme.
Gomulickt (1956) found that as the length of
Prose passages increased from 13 to 95 woras
the size of omitted pertions in recall increased
frcm single adjectives to descriptive phrases,

3



Peealtd to e cestrad

I e Ve e ndiic s g
Mt bl d e oy Ler oS, AS ore
oot el s e it 1, U GTLerla of
A A T O SR B IR I
Shlee e ol wtiin feast, Redgarghoss of the
05 Tty et gt wlinen vt gL o Sallea at

Nl s U parts ot tede aat to L Jons
P AR S TR Y I AN trdavad o 48 ailaerstooad by
e o Hateeelt,

Aty oy P ang Laciuaan (1967) pro-
e L LAY D evtdenee for the formation
oonAral e e dn et ry 08 proge. fwo
oAt 43 adens WD 181 1 1 50 that, 1a the
CXpocrirentorst pad puent, e fadividual words
Saeen Do out ot oentont were not relatedg th
te General thome of the passaze. To design
eeiparrirapng, wors issociation norms
reelect it ta ot tual words were compare d
it 123 »riatidons produced by subjects who
Bt et 4o 2 B Su oSt words whaich,
Allaar. 3o ot dnecda d0 4 an the paragraphs, were
Heely 30 e fouid 1n the story from which the
F i v as alle e xl;;‘t.a'r.cn. The passa.cs
W SANEUACE 50 that these two sets of
tSa wrhaiions dverlappoed vory little, The
LR ggragns were presented in either scrambled
Josntadtis word orer 1o uther subjects who
et teste o for cftact ravo inition ar recall.,
Foroowmetins Of testing, supjects who
res s e toan ffully orgered vorsions made
stratieantiy ore thematically related ofrors
e -fdare Larclated to the theme of the
PAdda e, el SuUp) o8 the propasitio; that
tenory anvoelwes the gonstruction of themes.
#ooaters of Lae seramble d vorsinns, made an
»iaal aanhoer of errars of caca type. The
Lar s ¢ awabats of thoniatis orrors obtatned
Wt e s ata e versons wers thas not due
t 038 NClallons tectuwhenn e i dividual woras
Bot et praddane and G ofrors themselvos,
bt U L0 types of passages differe d only
S et Yo wowr i pep, Taese finuings
waarpeedd Aies JULIOYE S proposition that some
"Aarragale Strguianes f==whetner an image,
ol tle tethvan, b mary, ar g comninatione~
Viopen oatee t feon, vrome wmater, tls. This con-
Atraciidn s a0t arectly depentont on the
Hier ot gs of 1810 sual worts, tat on thelr
aaor i e ful o ateriatle-an effoet which
Db dd e S LS008 200 A5 Loradaps the )

Uk agabery of nedara pfully cunnected
. T SURNRE TV N PO I K 3 PO

Psycholinguistic Views of Mamory
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structs of deep and surface structure (Sachs,
19u/; Blunonthal, 1967). Surface structure
refors to the words add phrases of a sentence
A8 perceived by the listener. Deep structure
reters to A representation of the gramatical
relationships in a sentence, which are not
Jtrectly indicated by 1ts surface form. In this
view, the decp structure of the sentence,
rather than the surface structure, {s preserved

in memory as a basis for semantic interpretation.

Clark (1969: Clark and Card, 1969) argues that
the semantic features rather than the syntactic
Jistinctions of a sentence are stored, although
the Jdeep structure of a sentence must be deter-
mined for oriyinal comprehension to occur.
Both of these farmulations treat sentences as
separate linguistic objects whose meaning is
determinea independently of the meanings of
otner sentences and whose representations
remain isolated from one another in memosy.
With connecte.. discourse, however, memory
for information or gist can be independent of
retention of both the deep and surface struc-
tures of particular sentences,

Processes of inference and
Integration in Memory

Barclay (1973) argues that memory theories
which uge the individual sentence as the unit
of analysis fail to account for memory in sit=~
uations invelving normal comprehension where
sentence boundaries are not honored such as
the description of a room or an event, whero
information is synthesized and integrated.
Furthermore, comprehension of a sentence 1.ay
yield information not directly expressed, as in
the sentence, “The man stood beneath the plat-
form on which the painter sat.* Here the pro-
position that the man stood beneath the painter
is a product of comprehension, yet a linguistic
analysis of the sentence itself does not reveal
this information. Accerding to Bransford, Bar-
clay, and Franks (i972) seatence memory is a
process which {involves reconstruction from an
abstract holistic representation. The abstract
representation of a sentence {8 constructed by
synthesis of information from the surrounding
context and by inferences based on general
knowledge of the world. Sentence tetention ig
not due primarily to memory for the deep struc~
ture and semantic interpretation of an individual
sentence, as in the psycholinguistic view, nor
is it due to retrieval of the surface structure of
the sentence, as in the copy theory of memory.
To put it somewhat paradoxically, in the con~
structive view one joes beyond the information
Hven in g sentonee in order to comprehend and
retain it,
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Inforance as a Memory Process
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Construction may have taken place during such
tests rather than as a normal part of compre~
hension,

Integration of Information in Memory

The process of integration, as well ag
inference, can be involved in merioty. Brans-
ford and Franks (1971) examined the proposition
that individuals spontaneocusly integrate and
synthesize {nformation presented in sentences
into "ideas” rather than remembering each
individual sentence. Bransford and Franks
auditortly presented sentences composed of
one, two, or three propositions such as the
following: (1) “The rock crushed the tiny hut,"
(2) “The hut was at the edge of the woods, "
(3) “The rock rolled down the mountatn.” The
propositions could be combined to form one
complex “idea sentence" which was never
actually presented: “The rock which rolled
down the mountain crushed the tiny hut at the
edge of the woods. " Several sets of related
sentences were used, and no two members of
a get were consecutive. Before acquisstion,
subjects had been told that they would be
agked to answer questions about sentences
which were to be presented. Whan asked at
the time of the test to recognize the actual
sentences which had been presented, subjects
often mistakenly labelled as "old" sentences
which were novel but compatible with the
"idea sentence." In fact, the greater the pro-
portion of the main idea that was presented in
a recognition sentence, the more confident
were subjects that they had actually heard the
novel sentence, even though the recognition
sentences may have beenllcnqer than any they
heard during acquisition.’ When gentences
can be meaningfully integrated, the distinc~
tions between them do not seem to be well
preserved in memory. The authors conclude
that holistic semantic descriptions of situations
are the basis for reconstruction of individual
sentences and groups of related ones,

Katz (1973) argues that the instructions
used by Bransford and Franks (1971) were inap~
propriate for thefr studies of the process in
which the meanings of separate sentences are
combined in memory representations., Instruc-
tions whicn Zemanded recognition of the actual
sfantences wregentad~~not of their individual
mean:ngs-~were used in these experiments.
Thus memory for the surface structures of
particular sentences was tested when the tar-

get phenomenon tnvolved the fate of the meanings

of the individual related sentences in momory.
Katz (1973) used the Branaford and Franks (1971)
paradigm with two sets of instructions: one
set identical to those used by the original

investigators, and one set which demanded
that subjects judge whether sentences pre-
sented at recognition meant exactly the same
ihing as those presentad at acquisition. The
original finding, that recognition confidence
for individual sentences increased linearly
with the proportion of the main idea sentence
which they included, was replicated with the
instructions which required recognition of
actually presented santences. With the

"same meaning” instructions, however, recog-
nition confidence was unrelated to the pro-
portion of the idea sentence included in the
test sentence. This finding indicates that

the linear relationship is not due to semantic
processes, and it contradicts the hypothesis
that “"Recognition of new inputs depends on
the number of {deas common to the new inputs
and the holistic representation [Katz, 1973,

P. 791." In support of the proposition that this
linear effect is not semantically based, Katz
reports that in another study using very ab-
stract materials which subjects found “nearly
incomprehensible, " (e.g. “The original event
created an unusual gtate in the structure of
the system®), the effect was also obtained.
Furthermore, Reitman and Bower (1973) found
similar results with sequences of letters and
numbers~-clearly non-semantic materials.
Apparently without knowledge of Katz's (1973)
finding that the linear effect was unrelated to
semantiC processes and was probably an arti-
fact of procedure, these investigators proposed
two theories based on the relative frequency
of presentation of individual elements in order
to account for the phencmenon, One theory
assumed veridical storage, while the other
assumed that son,e kind of prototype was stored.
The authors related their findings to those of
Bransford and Franks (1971), but the effect
they sought to explain appears unrelated to
memory for information from related sentences.

Characteristics of the Memory
Represeniation in the
Sransford ond Fronks Integration
Peradigm

In the Katz (1973) study, subjects were
able to determine whether the meaning of a

lA similar effect occurs with thematic
materfal presented pictorially. Using filmed
sequences of people interacting, Knutson (in
Cofer, 1973) found high recognition confi-
dence ratings for sequences which had not
been presented originally but which were a
summation of shorter sequences presented at
acquisition,



Particular input matched any part of the repre-
sentation of the complete idea. Katz points

out that if the Bransford and Franks hypothesis
concerning the linear effect were true, recog-
nition of the meaning of any individual compo-

- nent of an idea would be virtually impossible~~

a state of affairs which is contradicted by
common sense and the performance of subjects

© in the “same meaning" condition of Katz's

RN

(1973) experiment. This finding should not be
interpreted as {ndicating that all poriions of

presented material are retained equally well,
gince we have seen that selective omission
consistent with preservation of the theme of a
passage increases with memory load (Gomulickt,
1956). Rather, when the memory load aoes not
demand ieletions, and when the task involves
the construction of an "idea" by the additioa
or combination of propositions which are pre-
gented, the liklihood of recoanizing a propo-
sition does not depend on the axtent to which
it exhausts the total meaning of all presented
propositions. Combinations of propositions
are not preserved in the order in which they
are given. Subjects in both cenditions in the
Katz (1973) study were unable to discriminate
old combinations of related propositions from
new combinaiions, and were in fact confident
that they were recognizing a sentence which
contained all related propositions, even though
no sentence of that length had ever been pre~
sented. These findings support the hypothesis
that related propositions are assembled into a
construction which (1) permits access to the
inforinational content of individual components

(based on Katz's [1973] findings that in the
"same mean.ng" condition, recognition confi-
dence i3 not based on the number of elements
common to the test item and the “total idea"
expressed by the sum of all related propositions)
and (2) does not simply mirror the presented
orjanization of the propositions (based on the
result cited above regarding the false recog-
nition of novel combinations of propositions).
The Bransford and Franks (1971) paradigm,
however, may not bring to light some pro-
cesaes tnvolved in memory for the gist of a
passage. In this procedure the “idea" to be
constructed was the information contained in
a complex sentence which resulted from the
summation of separately presented nonconsecu-
tive portions of the sentence. The "idea" was
thus not the same as a central theme abstracted
from a longer passage. When pieces of infor-
mation are not merely additive but can be orga-
nized in a hierarchy by the learner, the con-
struction of a general theme could allow infer-
ential recognition (but perhaps not recall) of
specific propositions that were presented but
not actually retained. This process is pre~
cluded in the present situation, since one
plece of presented information does not pro-
vide grounds to infer another. The theme may
play a role analogous to that of Ausubel's
(1963) construct of cognitive structure, where
specific information is first catalogued with
respect to more general knowledge, and later
undergoes "obliterative subsumption” and loses
its idertity as it is incorporated into a more
inclusive conceptual bin or category.

7/]
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Visual bmagery in Memeory

Waat is stored in memory, according to
Bransford, Barclay, and Franks (1972) is an
integrated, semantic description constructed
from the interaction of linguistic input and

previous knowledge. Others (Pompi and Lachman,

1967) have suggested that the memory for
theme or sentence meaning could be repre~
sented as a visual image. Yuille and Paivio
(1969} used. similar materials consisting of
paragraphs of either scrambled words (nonthe~
matic condition) or normal sentences (thematic
condition). They found (as did Pompt and
Lachman, 1967) that more words were recalled
from thematic than nonthematic paragraphs,
but this effect was obtained only when the
passages were concrete {(i.e., rated by other
Ss as relatively eaay to image). The authors
concluded that imagery may be important to
the storage of a theme. It 13 notable that
themes were constructed for syntactic para-
graphs under thase conditions with concrete
materials, but it is unlikely that word order is
of no importance in theme construction and
memeory for longer abstract passages which can
be comprehended.

In further support of the imiagery hypothesis,
Begg and Paivio (1969) found that changes in
meaning (subject-object revarsals) were recog-
nized more often than changes in wording
(synonym substitution) for concrete sentences,
but that the reverse held for abstract sentences,
This finding i{s congruent with the results of a
study by Begg (1971i, some of which were
cited earlier as evidence that memory for
meaning need not depend on memory for wording.,
In this study, memory for meaning and memory
for wording wera found to be independent for
concrete , but not for abstract sentences. The
authors interpreted thbir results as support for
the proposition that concrete sentences are
stort d mainly as unitized images which pre~
gerve meaning but not wording, while abstract
sentences are stored as strings of words. The
findinga concerning abstract sentences~~that

memory for wording is superior to memory for

‘meaning-~should not be considered as indi-

cating the usual state of affairs with connected
material, since unrelated sentences were used.
Under these conditions, where sentences are
treated as isolated linguigtic objects, verba-
tim memory, rather than consgtruction of a
meaningful theme from rejated sentences, is
encouraged (see¢ Barclay, 1973). An interpre-
tation consistent with the imagery hypothesis
is that a separate image can be produced from
each sentence; hence relatively “"word free”
meaning rétention is possible even with unre-
lated concrete sentences.

Problems in Separating Mede of
Storage from Comprehansion Faclors

Ditferences in ease of comprehension,
rather than mode of storage, are likely to
account for the different effects found by Begg
and Paivio (1969) with abatract and concrete
sentences. Their measure of comprehension,
which did not differ for the two sentence types,
was the overall frequency of detection of change
(synonym substitution plus subject-object
reversals). Johnson, Bransford, Nyberg, and
Cleary (1972) argued that ability to detect
change doas not necessarily indicate compre~-
hension of the sentence. These investigators
found that when subjects were asked to rate
Begg and Paivio's original materials for com~
prehersib.iity, sk.atract sentences proved
significantly more difficult than concrete ones.
It would b2 more difficult for subjects to detect
changes in meaning in abstract sentences than
in conceate sentences since the ahstract sen~
tencas were not understood as well originally.
Furthermore, subjects' ratings indicated that
subjact-object reversals changed the meaning
less for abstract than for concrate sentences,
indicating that detection of such revercals is
not an equally sensitive measure of memory for
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meaning with both types of sentences. These
regults do not rule out the imagery hypothesis,
but they do indicate that differences in com~
prehension for abstract and concrete materials
must be eliminated before inferences about
modes of storage can be made. .

A study oy Jorgensen and Kintsch (1973)
provides further illustration of the problem.
Subjects were asked to respond “true" or
“false” as raptdly as poastible to seatences
with concrete nouns as both subject and ob-
ject. The sentences had been constructed so
that some of them were harder to imagine
(e.9.. "Truck has oll" and "Carrot has stom~
ach") than others (e.g.. “Book has cover”
and “Rock has hair"). Sentences which had
been previously rated by other subjects as
highly image-evoking were verified (compre-
hended and judged true or false) faster than
those rated as difficult to image. Imagery in~
structions had no effect, which can be inter-
preted as indicating that uninstructed subjects
were already using imaginal coding. However,
the question remains as to whether high im-
agery value léads to faster comprehension or
vice-versa. The authors point out that imagery
value may be a function of the complexity of
the memory representation of a word, so that
determining the meaning of an abstract word
Jdemands dealing with a more extenstve i
work of concepts and relations. Only géncrete
nouns were used, however, so that thé basis
of sentence imagery value was the fadicated
relationship between the nouns. Again deter-
mining whether a particular relationship is
true or false may be a function of either its
imagery value or suue other semantic variable,
A comparison of the times required to mentally
image versus comprehend (one to two seconds)
the particular types of sentences used in this
study could be helpful in determining the dir-
ection of causation (see Paivio, 1971, for a
discussion of reaction-time data which tndi-
<ates the role that imagery may play in compre-
hension).

Other investigators (Sagson, 1971; Sasson
and Fraisse, 1972) have pursued a different
line of evidence relevant to imagery processes
in sentence memory. Sasson and fraisse,
using both immediate and two~day delay tests,
found that interpolated concrete sentences and
pictures {nterfered equally with recall for unre~
lated concrete sentences. Recall was facili-
tated equally by interpolated duplicates of
original gentences and by pictures which de-
picted the events described in them. In con-
trast, neither interpolated concrete sentonces
nor pictures interfered with recall for abstract
sentences, while interpolated abstract s :n~
tences utd. The authors interpret their find-
ings as support for the proposition of ima tnal

10

storage for concrete sentences and pictures,
and verbal storage for abstract sentences. If
pictures and concrete sentences were stored
verbally, they point out, both would be ex~
pected to intarfere with abstract sentences,
which is not the case. A different interpreta-
tion {8 that this lack of interference ig due to
differences in informational content~~rather
than mode of starage--between pictures and
concrete sentences on one hand and abstract
sentences on the other. For example, informa~-
tion about justice might be expected to inter-
fere more with statements about economy than
with assertions about a horse, a hill, or a car.
Without inspection of the experimental materi-
als, one cannot evaluate the plausibility of
this explanation with regard to the present
results.

Limitations on the Role of !magery in
infegration and Comprehension of Sentences

In contrast to the above studies where dif-
ferences between memory for concrete materials
and memory for abstract materials are empha-
sized, Franks and Bransford (1972) found that
abstract sentences behaved like the concrete
ones used originally in the Bransford and
Franks (1971) paradigm, where the information
from separate sentences is combined into a
holistic representation. In neither case was
a string of words retained (as proposed by
Begg and Paivic, 1969). Although integration
of information from abstract materials can be
accomplished without the aid of imagery, the
possibility remains that imagery could operate
to combine and abstract information from con-
crete sentences. Bransford, Barclay, and Franks
(1972) streas that the inference effect demands
the use of previous knowledge (of gpatial rela~-
tions, in this case), not simply picturing infor-
mation prasented in a unit of Jinguistic input.
Processes for "reading® or interpreting a stored
image must be proposed as well., The impor-
tance of these processes is highlighted when
a compound image is presumed to account for
the memory represantation of several sentences
(Yuille and Paivio, 1967), in contrast to the
assumption that a discrete image is formed
from each sentence. '

Clark and Chase (1972), in a study of sub-
jects’ comparisons of sentences and pictures,
argue on logical grounds that a pure imagery
hypothesis cannot account for comprehension
or memory of negative sentences. .The sentence
"A isn't above B, * for example, has no unique-
ly specified image counterpart. To save the
imagery hypothesis regarding concrete negative
Sentences, one would have to propose that
some sort of negation tag is affixed to the tmage.



The authors adt that another tag would be
needed to speciiy a point of reference, since
it was fornd that subjects processed “A is
above B" diiferently from “B i3 below A,*
The addition of a negative tay seems parti-
cilarly precarious, since its toss would
result in mpmory for the opposite of what was
presented-¥a rage phenomenon in memory for
gist (see Anisfeld, tn Qlson, 1971, as cited
earlier;. Perhapa .t 13 no accident that only
affirmative sentences have been used in the
imagery studies reviawed here. In another
experiment Clark (1969) reports that 49 per-
cent of his subjects clatmed that they used

imagery in solviig three+ erm series problems.
The author show s, howev.'~, that a spatial
image theory de:igned to-. ccount for the solu-
tion of such prot:.lems (Huttenlocher. in Clark,
1969) fails to ac .ount for ¢ is data. The image
theorist seems f: ed with t @ uncomfortable
cholce of accoun :ng for limit+d phenomena
(affirmative conci ‘te senten ‘e memoty) or
modifying his con.truct in v.lt.erable ways.
“or a critical appr.:isal of in. gery as a theo~
-atical construct sve Pylyshyn :1973); for

‘cent data concerr.ng the spat. al properties

; the image see Neisser and “larr (1973).
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From Abstraction During Leamning to Recomstruciion at Recall

All of the characterizations of memory re~
presentations considered so far (surface struc-
ture, deep structure, semantic features, im-
agety) produce serious logical and empirical
difficulties when they are used to account for
the way in which {nformation 18 comprehended
and retatned from linguistic input. It is evi-
<ent that something other than copies of pre~
sented stimulf i8 gtored. and that this effect
is particularly clear when comprehénsion,
rather than verbatim memory is involved.2 If
we Jdo not know the form in which information
is stored, is there any evidence concerning
how or when in the memory process this in-
formation is abstracted, ar how the process of
retrieval or reconstruction occurs ? Gomulicki
{1956), as reported earlier, tested for immedi-
ate oral recall of proge passages and found
that the length of deletions tncreased with the
lenyth of the passage. Since the main theme
of a passage was preserved in spite of dele~-
tions, the author argued that during learning,
gubjects abstracted the central theme and de-
leted information of less importance in order
te keep the most essential material within the
span of recall, In order to know what c.uld
be omitted without jeopardizing the main idea,
subjects had to have constructed this central
theme durinjg learninj, since immediate recall
preserved the jJist of the passage.

Bransford and Johnson (1972) and Dooling
and Mullet (1973) proviie adiitional support
for this proposition. They used passages which
were extremely difficult to comprehend unless
a thematic title or other information which
specified the context of the passaje was pro-
vided. ‘When this was presented prior to the
passage, recall (and comprehension which
was measured by subject ratings in the Brans~
fora and Johnson [1972] study) was greater
than in a no-title control group. This effect
was found whether recall was measured in
"idea" units as by Bransford and Johnson, or
in free recall of words. as by Dorling and

Mullet. When presented after the passage,
however, the thematic title or context did not
affect recalli. This finding indicates that pro-
cesses related to the theme--comprehension,
selective omission, integration of ideas,
abstraction of gist-~o¢cur during the presen-
tation of tnput rather than at the time of test.
These results provide additional support for "
the hypothesis that what {8 stored is not a
duplication of what is presented. The pos-
sibility that once a theme has been constructed
the information contained in it can be manipu~
lated at recall is not ruled out by these data,

Potts (1972) obtained reaction time data
concerning the verification of relationships
between members of four-term series (e.g.,
A> B> C> D) which had been incorporated in
pairs into a paragraph. Responges to remote
pairs, which were not presented but had tobe -
inferred, were faster and more accurate than
fesponses to pairs which had actually been
presented. This finding is difficult to explain,
but it does rule out the possibility of infer-
ence at recall, which would have increased
the verification times for remote pairs. Potts
concludes that inference must have taken
place during learning, an interpretation iden~
tical to that of Barclay (1973). Potts allowed
optional note taking during presentation,
however, and Barclay tested comprehension
of the series between the presentation and
recognition taesting of particular pairs~--factors
which may have shifted or altered the process
of inference.

A conclusion similar to that of Potts (1972)
and Barclay {1973) was reached by Posner and

zch’te that with mnemonic techniques
(Reese, 1970) and *Plans for Rememberin;*
(Miller, Galanter, and Pribram, 1960), what
appears to be rote memory can involve delib-
erate constructive stratagies.
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Keele (1970), who found that memory for cen~
tral tendencies or base configurations of ran-
dom dot patterns, which had not been presented
but ware inferred from presented distortions of
the patterns, underwent lesa loss after one
week than memory for distortions which had
actually been presented. The authors had
predicted this effect from Bartlett's (1932)
suggestion that forgetting affects central

* abstracted information less than peripheral
informatton. If abstraction took place at the
time of recognition and was based on memory
for the old distortions (originally learned
material) losses in memory for the ariginal
material would be expected to be accompanied
by losses of similar magnitude for memory for
. inferred central patterns. Such wag not the
case.

Remembering: Refrieval or Recanstruction?

Abstraction of a theme appears to take
place during learning. The generation of in~
ferences from presented information also
appears to take place at this time, at least
in the situations described above. These
findings provide further support for the propo-
aition that what is retai’.ed 18 not a copy of
what was presented. should these data be
taken to indicate that since construction
occurs during learning, recall in general is
not reconstructive but is simply & process of
retrieval of part of a stored cognitive product?
Three different views of the recoastructive
process at recall will be considered. The
first i3 the radical position of Neisser (1967),
who maintains that the products of cognitive
acts (e.g., images, sentences, themes) are
not stored but are reconstructed anew at recall
fram the results of previous constructive pro-
cesses. Just as perception of external stimuli
does not involve the production of internal
copies . when the contents of memory are per-
ceived, they are not copied and simply retrieved
at recall. Sasson (1971) providas an inter-
esting counterargument to this position. As
was mentioned earlier. he found that inter-
polated pictures interfered with the recall of
unrelated concrete sentences~-one of several
results which are accounted for by the hypoe-
thesis that the sentences were stored as images.
That the pictures were also stored in some
visual form, rather than verbally, is suggested
by the fact that they were presented at a rate
too fast to allow verbal description or naming
of them. Neisser {1967) argues that images
are not stored, but are recongtructed from
information which is by definition nonvisual
and {naccessible except through the process
of reconstruction, If images were not stored

14

from both sentences and nictures, the obtained
interfarences should not nave occurred. It
appears that the products of some cognitive
acts are indeed stored, and that the type of
radical reconstruction process proposed by
Netsser does not occur in the present situa-
nonl

James, Thompson, and Baldwin (1973) pro~
pose that a reconstructive process in individual
sentence memory operatea on stored informa-~
tion (deep structure relations plus a semantic
interpretation) to yield sentences at recall
which are aimilar in syntax to those used in
normal conversatton. These authors found
some suppoct for their hypothesis, in that
recall for sentences favored actives over
passives, and involved a tendency to start a
sentence with the most salient noun in the
semantic rituation deacribed. Some recon-
structive process of this type must also be
involved in memory for the gist of a passage,
aince stored information is not identical to
what can be recalled (1.e., various para-
phrases of individual sentences or different
linguistic expressiona of an abstracted theme
are possible). In light of previous evidence,
abstraction of information from prose takes
place during presentation, but recall involves
translation or reconstruction of selected inf -~
Jmation into sentences or other linguistic out~
put.

Reconstruction of originally presented
information which was not retained, as well
as construction of new information which was
never presented, seems possible by means of
inference at the time of recall. Rumethart,
Lindaay, and Norman (1972) argue that the
latter process s demanded by a question such
as, "In the house in which you lived three
houses ago, how many windows ware there on
the north gide [p. 199]2" This question
involves the problem of how one can know
something he did not learn, as Tulving (1972)
expressed it. Since guch information has
never been directly pragented, it must be
figured out by some inferential process applied
to a data bsne of information actually retained
in memory.” One must determine which house
is involved, find which wall faced north (per-
haps by ite relationship to the sun or a road
of knowa orientation), and so forth. Informa=
tion which was actually presented but not
retained may be reconstructed at recall. For

3Netsser (1967); Miller, Galanter, and
Pribram, (1960); and Rumelhart, Lindsay, and
Norman (1972) make provisions {n their
theories for the storage of processes such
as inferential retrieval strategies.
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example, both abstracted and presented know-
ledge about the propurties of a class wnclude
sy implication tnformation about the specific
nemoers of the class, which does not need

to pe retained separately for each member
since 11+ b . anferred from the fact that a
membar be.~178 to a certain class. So far,
parad .yms have »~* been used which emphasize
this effect as a n. 7y phenomenon, although
128 role in learnin; h.i heen investijated (see
Kia. meier sad Riprie, 19,3 .

1 of tne ptesent treatment of construc-
tive n..mc:* has Centered aroun. the retention
of the yist - ->nnected discourse. 1o »ccount
for complex ¢ . :tried memory phenomena
such as those descrin ! immediately above,
Rumelhart, Lindsay, ana M >rman (1972) propos
a strustured, reconstructive o' afy system
{aveoiving labelled and directed as -+ tations,
coucepts, relations, propositions, and ssssch
strategies. This theory can accountin - *: -
ciple for the inferential and integrative ;a.,
arties of memory (Bransford, Barclay, ans
Franks, 1972; Bransford and Franks, 1971, as
well as the use of memory in problam saiving.
Kintsch (1972) describes a theory of semantic
memory where propssitioas are the basic units,
and inference serves to deleta and regenerate
redundant propositions and derive words from
some more basic type of iaxical memory item
(see Potts, 1972, howevar, for evidence that
such deletion rules de not account for pro~
cessing ot redundan’. infcemation). Some em
pirical support has peer. found for parts of
both models (sec Anderson and Bower, 1971,
regarding the fomer; Kintsch, 1972, for the
latter) .

Memory and Cognitive Structure

Rosch (1973) proposes ancther theory which
ts relevant to a fundamental preblem in con-
structive memary~-the process of conceptual
abstraction. The topic of interest here is not
limited to the retention of information pre-
sented at some particular time, but involves
the nature of the organization and synthesis
of pravious information in memory which per-
mits individuals to deal with novel and widely
varied examples or objects as similar in some
important respects. Rosch proposes that classes
are acquired naturally on the basig of some
constructed central prototype~~a kind of "best
example” of the class, In this view, class
membership 18 not an all-or-none matter
detetinined strictly by rules about attributes of
examples (a view cloger to that of Rumelhart,
Lindsay, and Norman, 1972), but a system
involving a gradient of category memberhip.
Relevant exparimental procedures include

to the interchangeability
nce frames--a measure
« For example, robins,

of the examples in ae
of similarity of meanin!

. sparrows, penguins; and turkeys are all

St

may be technically a bird while a robin is a
prime example of “biriness.” Instances with
similar ratings of “goodness of fit" to a class
are treated as similar in that one can be substi~
tuted for another in a sentence without produc-
ing a semantically peculiar sentence. Similar-
ly, reaction times in sentence verification are
shorter for statements about central examples
of a class than for examples which are rated
as less prototypical. Work with visual mater-
{718 (Posner and Keele, 1970; Franks and
vianaford, 1971) provides support for the pro-
totype model (see Reitman and Bower, 1973,
for a discussion of prototype and feature-
frequency mudels). It may be that superor-
dinate classes -,y , furniture) cannot be
-aracterized by a generic visual prototype,
wh.'» sub~classes (e.g., chairj can. The
general ,-:int to be made uiere is that the
atructure - s amory~-~whether viewed ag
Bartlett's (\¥:: “active organized setting,*
Ausubel's (1962 “cognitive structure,” or
the conceptual-semant!: network of Ru.-_. . hart,
Lindsay, and Noman {1972)--1s itself & con-
struction which affects the ca!- jorization.,
encoding, and reconstruction of inf:-mation.

Age Differences in Constructive Processes

Developmental data should be particularly
germane to the constructive viewpoint, where
previous experience is expected to atfect
memory processing of new material. Barclay
and Reid (1973) use~ a paradigm similar to
Barclay's (1973) design to investigate the
role of transitive inference in recall by elemen-
tary school chi’dren (grades two, three, five,
and six), Subjects were presented with sen-
tences which expressed greater~than or less~
than relationships betwaen members of a patr,
and asked to solve problems which required
transitive inference, after which they attempted
to recall the gentences. The results (which
included an analysis restricted to recall of
sentences after correct solution of the problam)
suggested that the memory representations of
younger children are often fragmentary and
self-contradictory, while those of older sub-
jects included both expressed and inferred
information and were more internally coasis«
tent. Paris and Carter (1973) found that both
second and fifth grade children often mistakenly
recognized as “old" sentences which had not
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beon presented at acquisition put which
express.e a4 wfortiation which could be inferred
from the ortginal ~entences. For example, the
sentence "The bird is under the table" was
likely to be "recogntzed” when the actual
sentences presented were "The bird 18 inside
the caJde™ ang "Ine cage 1s under the table. "
False premise and tnference statements, on
the otner hand, were very likely to be rejected,
which indicated that the frequent errors in the
direction of true inferences were not simply
the result of generally poor performance on the
recognition test. In this study, second and
fifth yraders performed similarly, while the
Barclay and Retd {1973) results suggest age
differences in memory. It may be that transitive
\nferences are more difficult to make than the
spatial inferences which subjects spontaneously
Jenerated in the Paris and Carter (1973} study,
but the Jreater difficulty of trans:tive infer-
eaces could not be responsible for the age
Jdifferences in any direct way, since Barclay
and Reit's (1973) conclusions are based on
sentence recall data which accompanied only
previous correct solution of inference problems.
Differences in the type of test 1sed (e.g.,
~ecall vs, recogmtic.'} may hav 2 produced
‘ifferences in task Jdifiicuity whath could have
¢ aused the difference in results buvtween the
tro studies. Paris (1973). using a 3ranaford
ard Franks (1971) type of integration (rather
Asn {nference) paradigm with sentences and
neamangful pictures, found that second and
. sy th grade children demonstrated the con-
L Stive memory effect with both types of
-t rials. Perhaps there is some younger age
1 wich children’s memory in certain domains
nre copy-ltke than constructive, but rele-
1+ T jata are lacking.
tiaget (1968) proposes that the develspment
"¢ constructive ("operative," in Plajet's
te 1) type of memory -parallels the Javelop-
.t f operative schemes (e.3., .reopera-
-l concrete operational, fr-iral). According
L ban's (1973) interpretatica of Piaget, "The
-7 . {ve component store- xnowledge which
« ' wv2n acquired throu,n thé transforming or
Ltuing act vitles of the orzanism's oper~
¢+ -2 8themes . . . pperative memories are
“+tic and su' ject to revision with changing
v tive 8CF smes"~~a view similar to Bartleit's
{. + - jrnerai posttion. Piaget (1968) prc.ides
o v'¢ that reproduction memaery for @ seri~
at ' .vas of sticks and the honzoat=. level of
w: - a tilted bottle {mproyas o er a six~
m.; etention interval d -¢ “» $8' cognitive
de: . «nent which provides . igher level
sct - Jor decoding the ». ,: .al memory.
b - Liled to replicat. Piaget's findinz, using
'ttt . 1e §s, the v ater level problem, and
Carn 17eded m vhodoloyical improvements.

1¢

Even though Ss improved {n operational level
of the concept of horfzontality (e.yg.., water
level remains horizontal regardless of angle
of jar), memory for the ortginal tilted~jar
stimuli did not change as predicted., Simi-
larly, Finkel and Crowiey (1973) failed to
replicate Piaget's finding with respect to
memory for seriated sticks. It seems that if
the original memory encoding is done when 38
18 at a relatively low level of cognitive devel~-
opment, a later increase in decoding ability
does not seem to allow 8 to overcome the
effects of the original “impoverished” level
of encoding of input.

Forgetting

Theories and evidence have been pre-~
sented ~oncerning the constructive r>'ure of
memory, but tre process of forgetting. nas
not been separately treated. Selective en-
coding and Ziscat iing of information during
pregsentation :as been described as part of
the constructi»a position, and selective
recall congruent with “he individual's atti~
tude at that time is a rrominent part of
Bartlett's (1932} ineory, but the question
remains as tc what happens to the “"stored”
representat’ > over time, Neisser (1967;
considers .hat such factors as “simpls for
getting, " 1otroactive and proactive inhibition,
and consolidation are probably nwt directly
relevant to the problems of orgunization and
use of memory (but see Cunr.ngham, 1972, fo.
evidence that retroactive iuterference can
occur with proge). Ausu*el (1963) prr .0.e8
that forgetting is a con'.nuation of *.e 1earning
Process. Over the re_antion interva’, specific
information become s incorporate 4 fato repre-
sentations of more generai knowledge, where
it finally may become inaccess'ble. Infor-
mation that is not meaningfu! ({.e., cannot
be related to what the learuer knows) remains
as an j.olated trace wni_h is subject to what-
evar ‘actors influence the forgetting of rote
maierials, Rumelhe.t, Lindsay, and Norman
1i1972) indicate th.at no provision for erasure
from long~term .nemory is made in their theory,
and they note that a sophisticated retrieval
process must be postulated to deal with, incor-
rect or obsolete information which remains in
memory. Other authors reviewed here have
bee. rather reticent on the subject of for-
getting. Sasson‘'s (1971) finding, that the
representations of concrete sentences and
images interfere with one another in memory,
indicates that the phenomenon of interference
amony stored cognitive products should be
dealt with (n theories of constructive memory
if forgetting ig not to be ignored.
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Summary, hnplications for Educaiion, and Future Research

An overview :f the patchwork of evidence
presented hete ina:cates that when meaningful
material 13 used, ¢ .natruc’.ve processes must
be proposed 1n order to account for memory
phenomena such as tae retention of gist and
spontaneous inference beyonrd presented in-
formation. Reconstruction at the time of re~
call involves the translation of stored informa-~-
tion into a wide variety of possible sentences
or othe: 'injuistic products. Recall can also
depenc¢ >n inferential reconstructive processes
which rake place at that time. The radical
view that cognitive products cannot be stored
but must be reconstructed anew at racall
(Neisser, 1967, as influenced by Bartlett,
1932) is not supported by the limited relevant
evidence. The forni of the memory represen=-
tation which permits the retantion of meaning
independent of specific wording remains un-
clear, although some construct which tran~
scends sentence boundaries 18 necessary (see
Fillenbaum, 1970, for problems in determining
the form of storage in a constructive-recon~
structive memory system). Whether prototype,
feature, or hoth types of models of conceptual
memory structure will prove adequate in déaling
with the naturally occurring process of abstrac~
tion of clagses from specific instances remains
to be seen.

Sducational implications

When memory is taken to include ¢r.struc-
tive, interpretative, and reconstructiv . pro-
cesses, it becomes more difficult tc detecmine
what a student will recall from a }: cture or
text than when it i3 assumed tha. what is re~
tained resembles a copy of wh .c was origin~
ally presented. If we accer' the construc-
tivist position, what can *.» done to promote
accurate recall and com’ ;ehension of meaning=
ful material? Memor tor prose appears to
involve the abstract.on of a theme and the

selective omission of information of relatively
leas importance to that theme (Bransford and
Johnson, 1972; Gomulicki, 1956). In this pro-
ces? the interpretation and comprehension early
in the passage would seem to be crucial in
determining how later information is inlarpreted
and whether it 18 omitted or retatined. lrom
this perspective, introductor/ devices which
may enhance comprehension of early portions
of a passage and thus guide later interpreta-
tion and abstraction (e.g., Ausubel‘s [1968]
"advanced organizers” and Davidson's [1973)
concretizing analogiea) merit serious consider~
ation, The importance of early comprehension
is underscored by Howe's (1970) finding that
learners were highly persistent in repeating
early errors in prose racall in spite of repeated
presentation of the passage.

Paraphrase may be an effective means of
improving comprehension and hence theme for-
mation and re all. The greater effectiveness
of providinG paraphrases as opposed to repeti-
tions of r.overbs in a recall task (Honeck,
1973) may have been due to “deeper” or more
thoros.gh comprehension of the proverbs caused
by *ae paraphrased versions. The learner's
ov.n activities can alsu be directed to increase
-omprehension. Barclay (1973) found that in~-
structions to comprehend the passage caused
S8 to make a greater aumber of valid inferences
from a passage about spatial relations than did
instructions to memorize it. Instructions to
paraphrase might facil‘iate recall for the mean~-
ing of a passage in a similar fashion. The
constructivist's distinction between verbatim
and substance memory is paralleled by the
educator's stress on understanding rather than

‘rote learning. In both cases it is emphasized

that memory for the meaning of a presentation
does not depend on memory for its specific
wording. The construction of tests using
paraphrase or inference items which measure
comprehension, as contrasted with retention
of wording, is of crucial concarn to both the
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teacher and the memoty researcher (see
Anderson, 1972, regarding the construction
of achievement tests which measure compre~
nension).

Suggestions for Future Ressarch

Although constructive memory effects have
been lemonstrated convincingly tn various
experimental paradigms, the lack of systematic
man{pulation of conventional task vartiables
retards the formation of the empirical base
necessary for more explicit charactsrization
of the memory process. For example, prose
passages used in memory studies have varied
greatly with respect to length, familtarity,
and difftculty. The effects of factors such as
the number of presentations of a passage, the
length of the retentjon intetval, the mode of
lest (recognition/recall or oral/written), and
the type of scoring system used {efther verba-
tim or some kind of subatance measure) have
not been adequately charted. Mapping out
such effects is important in that famfliar vari-
ables may have unexpected and revealing
effecis with meaningful materials. For example,
repeated presentation and testing are only
mar3inslly effective in eliminating original
errors of addition and omission in prose recall,
which sujgests that initial interpretative and
coding processes have effects which persist
in spite of corrective feedback (Howe, 1970).
Similarly, repetition was found to be less
effective than paraphrase in improving both
verbatim and substance recall of proverbs
(Honeck, 1973). This latter finding raises
the possibility that some more general repre~
sentation exists which has points in common
with both the proverb and its paraphrase.

Perhaps Howe's (1970) findings are partly
due to the fact that the written recall test may
have eancouraged subjects to pay particular
attention to their own responses, 80 that

18

these were studied more than the oral presen~
tation of the passage. Honeck's (1973} results
may be more applicadle to unrelated proverbs
than to prose. That the highly conventional
variable of practice yields unconventional
effects with meaningful materials has impli~
cations for the memory processes involved,
but relatad studies with alternate testing
methods and materials of various degrees of
difficulty are clearly needed to establish the
generality of these findings.

The rather ordinary variable of passage
length may have effects which yield informa-
tion about the nature of the memory representa~
tfon. In prose recall, as the length of a pas~
sage increases, deletions increase in length
from words, to phrases, to sentences, and
finally to whole s~ctions of material not cru-~
cial to the centra. theme {Gomulicki, 1956).
This effect suggesta that as the leagth of the
passage .acreases, the memory representation
becomes more distant from the original and be~
comes more of an abatracted synopsis than a
verbatim transcription. If this 18 so, the type
of interference which occurs between two pas~
sages should be related to their length. Intru~
sions in short passages would be expected to
be on the single word or phrase level, while
interference amony longer passages should be
on a more global, abstract, and conceptual
level.

Othaer unanswer.d questions remain, The
description of the sort of abstract memory rep~
resentation or process which allows translation
between pictures and words (Pylyshyn, 1973)
and between prose and paraphrase remains a
formidable theoretical and empirical tagk.
Whether or not contradictory information is
integrated in memory in the same way that
compatible sentences are (Bransford and
Franks, 1971) {8 unknown (Burrows, 1971).
Developmental changes in constructive pro-
cesses such as the abstraction of a theme from
prose have yet to be explared.
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